Abstract. The aim of this article is to present a simple proof of the theorem about perturbation of the Sturm-Liouville operator in Liouville normal form.
1. Introduction. The purpose of this paper is to give a simple proof of the perturbation theorem concerning the spectral continuity of the Sturm-Liouville operator in normal form. The theorem in question can be stated as follows (see [6] ): Let two problems in Liouville normal form −u ′′ + q i (x)u = λu (i = 1, 2) be given on the same interval [a, b] with the same boundary conditions. Let λ 
.). If
k ≤ ε for each k = 1, 2, . . . Instead of employing the Sturm comparison theorems for differential equations it is enough to use the Poincaré minmax principle. Another argument in the Hilbert space setting can be found in [4] , Theorem V.4.10. The proof is based on the resolvent estimation and so it is also different from our approach.
Main result. Suppose that
The constants α, α ′ , β, β ′ are assumed to be real with
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P. KOSOWSKI where the functions q,q are assumed to belong to C([a, b]). Now consider the eigenvalue problems for operators L andL:
It is known that the operators L andL are self-adjoint (see [7] ), and the eigensystems (1) and (2) with given separated boundary conditions are regular and have sequences of simple real distinct eigenvalues
and the corresponding sequences of orthonormal eigenfunctions [1] ). Now we are prepared to state the theorem.
It is enough to consider only one inequality, e.g. the right one q(x) ≤q(x) + ε, x ∈ [a, b]. It is well known that each eigenvalue of the Sturm-Liouville problem satisfies Poincaré's minmax principle (see [2] ), which asserts that
where H k denotes any k-dimensional subspace of D, and R[u] is the Rayleigh quotient of (1) , that is,
where
Integrating by parts we calculate
The boundary conditions are normal separated ones, so the problem is well posed. Pre- 
Similarly we obtain thatλ k ≤ λ k + ε, whence |λ k −λ k | ≤ ε. This completes the proof.
Corollary. Suppose that the function q in (1) depends on a parameter t with Lipschitz constant C > 0, so |q(x, s) − q(x, t)| ≤ C|s − t|, x ∈ [a, b], s, t ∈ R. Then each λ k depends continuously on t with the same Lipschitz constant. P r o o f. For fixed s and t it is enough to take ε = C|s − t| and apply the Theorem, obtaining thus 2 with the same boundary conditions u(0) = u(π) = 0. We compute the first three eigenvalues of these equations using the method described in Example 1. Results are presented in the table given below: 
Conclusion. These three examples show that the inequality in the Theorem can be strict (like in Examples 1, 2; for eigenvalue and eigenfunction asymptotics for a regular Sturm-Liouville operator see [3] , [5] ) or it just becomes equality (like in Example 3). In this sense the result of the Theorem is sharp.
Extensions and generalizations.
The idea of our proof can be extended to higher dimensions, that is the following spectral continuity problem in two dimensions can be considered: −∆u + qu = λu in Ω ⊂ R 2 and u = 0 on ∂Ω. For numerical analysis, the inequality in the Theorem gives an estimation of the absolute error of eigenvalues λ k for the eigenvalue problem (1) when the data (function q) are perturbed. There is a natural question about the relative error of λ k , that is, an estimation of |λ k −λ k λ k |. The author intends to consider this question in another paper.
